Introduction
There are two reasons for limiting the use of enzymes in analysis: instability and price; these can be overcome by placing them onto water-insoluble matrices during the analytical process (i.e. by immobilization).
The enzyme immobilization technique was first developed in 1916 [1] , all further development was during the last decade [2 and 3] . Immobilization [4--6] , particularly in Flow Injection Analysis (FIA) [7] [8] [9] [10] . The variety of FIA methods using immobilized enzymes proposed in the last few years shows how useful they are in many areas of application. The benefits offered by the joint use of FIA and immobilized enzymes will be applicable to a number of, to date undiscussed, areas and these are described in this article.
Fundamentals of enzyme immobilization in flowinjection analysis
Of the two chief types of enzyme immobilization procedures, physical linkage by adsorption has rarely been used in FIA because its low stability means that it is unsuitable for flow systems. The linkage, however, can be strengthened by using a mediator such as N,N-dimethyl-7-amino-l,2-benzophenoxazinium ion [11] . This is adsorbed onto a carbon electrode, which thus becomes more receptive to the enzyme. Neither membrane nor gel trapping has been used in FIA, although Olsson et [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . Platinum has been used much less frequently, with the twofold function of support and working electrode for amperometric determinations [13, 15 and 33-35] , and so has carbon [11, 36, 37] . Only once has IrO2 activated with cyanuric chloride been used as support [38] . Among organic supports, the commonest is nylon [14, 15 and 39-43] , followed by a series of polymers and gels of different characteristics, such as propylene [44] , sepharose [44] [45] [46] [47] [48] , silica gel [13 and [49] [50] [51] [52] , octylagarose gel [46] , wakogel C-100 [50] , polyamide gel [53] , aminocellulofine [54] , glycophase [30] [36] , dichloro dimethyl silane+ethylendiamine [14] , p-benzoquinone [29] , cyanuric chloride [38] and sodium periodate (later reduced with NaBH4) [30] [11, 36 and 37] or IrO2 [38] . [69] , fluorimetry [59] , chemiluminescence [65] and photometry [41] , have been used less frequently both in the clinical [29] and nutritional [42] areas (in the latter case in individual or simultaneous analysis with sucrose [62] or fructose [59] [17] , ATP [77] , NADPH and FMNH2 [47] . Little attention has so far been paid to the analysis for vitamins [45] and inorganic species such as Zn(II) [26] , sulphite [72] , pyrophosphate [48] [66] or through a coupled reaction [39] . Potentiometry has been applied only with pH electrodes [20] , or ammonia-selective electrodes [73] . Although [65] and .plasma [61] ), urine [75] and to all types of foods and [55] , milk [63] , soft drinks [67] , butter [75] ). It is surprising to discover that these methods are rarely used in some areas, such as industrial process control [60 and 74] and pharmaceutical analysis [20] , where the stability of immobilized enzymes, added to their low cost and easy handling, should make them particularly appealing.
FIA methods are not often used for multideterminations with IEs, despite the frequent need to control more than one parameter in the different areas ofapplication and the simplicity of using parallel reactors with different immobilized enzymes. This has been discussed for food analysis for determining glucose-sucrose in soft drinks [31, 62, 67], L-and D-lactic acids [52] , ethanol-acetaldehyde in wine [55] and glucose-fructose in fruit juices, yoghourt and dessert powder [59] , but only one simultaneous determination (free and sterified cholesterol in blood) has been proposed in the clinical area [51 ] . These determinations can be carried out by sequential [59, 62, [26] ). (2) By using a reaction coupled with the enzymatic one to increase the monitoring wavelength in photometric [32] or fluorimetric [61 methods, or by decreasing the applied potential in amperometric detection [39] .
(3) By using a suitable reactor to eliminate interferents. It can be an enzymatic reactor removing species present in the sample and interfering with the monitored reaction product for example NH3 in the. determination of creatinine [43 and 73] , or degrading a species with redox properties similar to those of the analytes (for example ascorbic acid in the determination of fructose [54] [33, 35, 63 and 66] or Cu(II) [18] with the aim of eliminating reductants. This is also the function of the electrolytic column proposed by Yao et al. [49 and 83] . (4) By using differential measurements, i.e. by taking the difference between the signal provided by the sample in the presence and absence of analyte [45] or of the enzymatic reaction [60 and 82] , achieved by sequential injection of two aliquots of sample [45 and 60] , by splitting the injected sample [82] [86] . A variant of these differential measurements involves monitoring the conductivity of the sample plug before and after the enzymatic reactor [75] . (5) [89] confined in the flow-cell, on which a coloured or fluorescent product is transiently retained, or the analyte with which the reagent is later reacted, or on which the reagent that reacts with the analyte is permanently immobilized.
As can be seen, there is a wide range of unexplored possibilities in this area, towards which is oriented the future of immobilized enzymes in FIA.
